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II. THE EVALUATION OF ATHLETIC PROGRAMS BY
MEANS OF FITNESS TESTS
J. ROSWELL GALLAGHER AND LUCIEN BROUHA
A method of testing the dynamic physical fitness of adolescents
has been described, and discrepancies in that method, when all boys,
regardless of size, are given the same test work to do2 have been
commented upon. This report is intended as a suggestion not only
of the kind of method which might well be used to compare the
conditioning value of various sports but also of the desirability of
making such comparisons; it is not intended as a comment upon the
relative merits of any sport or even as a description of the best
method for evaluating various kinds of athletic or conditioning
programs.
Method
A group of 98 boys was tested on a bicycle ergometer directly after their
return from spring vacation, and after six weeks of activity in some athletic
program they were re-tested. The test work consisted in riding a bicycle
ergometer for 5 minutes at a rate of 20 miles per hour against a friction load
of 5 pounds. At each of these times maximum heart rate during exercise,
blood lactate level in mg. per 100 cc. at 5 minutes after exercise, and heart
rates at from 1 to 1.5, 2 to 2.5, and 4 to 4.5 minutes after exercise were
determined, and fitness indices4 and work indices5 were calculated. Each
boy was assigned to a body-surface group2 and his age and type of athletics
were noted. For the purposes of this report only those boys engaged in either
baseball or lacrosse, or in track and only those able to maintain 20 miles
per hour on the bicycle have been included. Data concerning each of these
three groups are presented in Table 1. The age, body-surface area, and
body-surface group ranges and averages are approximately the same for each
group. The importance of making comparisons only between members of
the same body-surface group, when test work is kept constant, has been com-
mented upon.2
Results
1. Maximum heart rate.
During their period of athletic training there was a drop in the
maximum heart rate during exercise in all but two of the boys tested
(Table 2). The greatest drop occurred in the members of theYALE JOURNAL OF BIOLOGY AND MEDICINE
lacrosse squad, and this is made more significant because this group
,,had thelowest average maximum rate initially and it is reasonable to
TABLE 1
DATA CONCERNING MEMBERS OF THE TEST GROUPS
Baseball Lacrosse Track
Cases 13 11 17
Age-Range 15 yr. IImos.- 15 yr. 5 mos.- 15 yr. 6 mos.-
19 yr. 2 mos. 19 yr. I mo. 19 yr. 6 mos.
Age-Average 17 yr. 7 mos. 17 yr. 9 mos. 17 yr. 7 mos.
Body-surface area-Range 1.64-2.10 1.70-2.10 1.58-2.16
Body-surface area-Average 1.86 1.94 1.84
Body-surface area group
Range II-V II-V II -V
Body-surface area group-
Mode IV IV IV
expect that therefore that group would have greater difficulty in
subsequently achieving a lower rate than would the others.
It has been shown that fitness can not be predicted from maxi-
mum heart rate, but that the htart rate does depend upon the
TABLE 2
THE MAXIMUM HEART RATE RANGE AND AVERAGE FOR EACH SPORT GROUP BOTH
BEFORE AND AFTER A SIX WEEKS ATHLETIC PERIOD. THE PER CENT OF INDI-
VIDUALS IN EACH SPORT GROUP WHOSE MAXIMUM RATE WAS LOWER AT THE
TIME OF THE SECOND TEST AND THE AVERAGE PER CENT DECREASE
IN MAXIMUM HEART RATE ARE GIVEN
Baseball Lacrosse Track
Maximum heart rate-Range (1st test) 174-196 150-196 172-196
Range (2nd test) 168-192 144-192 156-196
Average (1st test) 183 177 183
Average (2nd test) 177 165 175
Per cent with lower rate (2nd test) 100 100 88.3
Per cent decrease- average 3.3 6.8 4.4
subject's fitness: the less fit the individual the higher the heart rate
he will usually attain during standard exercise.' In Fig. 1 the
change in each individual's maximum heart rate and the change in
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his fitness score are shown. It is evident that this change accom-
panied an improvement in fitness, that this change was greatest in
the lacrosse group, and that the degree of change in maximum heart
rate does not always correspond with the change in fitness index.
2. Fitness index.
Average fitness indices, based on tests performed at the beginning
and at the end of the athletic program, are shown in Fig. 2. The
lacrosse group had
the highest recovery TESTI
index average ii- TEST ni
_
tially and had the 3I
highest average im- - __0W
provement in fitness 1
score. There were 1
3 boys in the la- - .
crosse group whose 9 'fz
scores did not im- 0Q prove: one of these LO
had an initial score
6
of 106 which would
be difficult to im- x
prove, another who
had an initial score -4 CHANGE IN MAXIMUM PULSE 60
of 88 was only 15 ____ _______
years old and very
large for his age,
and the third, whose -lo
score dropped from o |smell_
83 to 77 was admit-
tedly disinterested _ BASEBALL TRACK LACROSSE
in the sport and put
in very little effort. FIG. 1. A graphic presentation of the change in each indi- vidual's maximum heart rate and fitness index during six weeks The changes in each of athletic competition.
individual's fitness
index are shown in Fig. 1. The improvement in fitness scores in
the lacrosse and baseball groups correspond with what one might
expect each of these sports to produce. In the baseball group the
catcher, who does more work than the other players, showed an
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improvement in fitness index from 84 to 93; the most improvement
in the group was shown by the boy who had the lowest initial score.
The low percentage of improvement in the track group is surprising,
but can be explained by their coach's statement that they were an
exceptionally disinterested squad. The high scores made by mem-
bers of the lacrosse group tend to indicate the validity of this
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FIG. 2. A comparison of fitness indices of members of baseball, lacrosse,
and track squads at the beginning and end of six weeks of competition, together
with the averages and average improvement for each squad. The average
improvement has been derived from the algebraic sum of the differences between the initial and final fitness indices of each individual.
method of estimating fitness, for a game which entails not only
almost constant running and also considerable use of the arm and
shoulder muscles should be an excellent conditioner. A comparison
of the three groups is shown in Fig. 2.
3. Blood lactate levels
There were only slight differences in blood lactate averages for
each of the three groups at the beginning of the athletic program,
but after participation for 6 weeks considerable differences were
apparent (Fig. 3). Again it was the lacrosse group which showed
the most improvement: the drop in the average blood lactate fromATHLETIC PROGRAMS AND FITNESS TESTS
84 mg. to 55 mg. is a very considerable one. Only one member of
the lacrosse group, a very disinterested player, failed to have a lower
lactate at the second test. In the track group only one boy (again
an indifferent competitor) failed to have a lower lactate at the second
test. Six of the baseball group had higher lactates the second time
than on the first test, and the improvement in group average was due
almost entirely to the improvement made by two individuals who
had high initial lactates. Comparison of Fig. 2 with Fig. 3 indi-
FIG. 3. Comparison of blood lactates of members of the baseball, lacrosse,
and track squads at the beginning and end of six weeks of competition, together
with averages and average improvement for each squad. The average improve-
ment has been derived fromn the algebraic sum of the differences between the
initial and final fitness indices of each individual.
cates that while there is a parallel improvement in fitness index and
blood lactate levels among the members of these three athletic
groups, the improvement in respect to blood lactate is the most
striking.
4. The work index
A man in good condition will finish exercise with a lower maxi-
mum heart rate1' 4 and a lower blood lactate4' 5 than he will when in
poorer condition. The improvement in average work indices, which
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indude both maximum heart rate and blood lactate level, during the
athletic program is further evidence of its validity as a measure of
dynamic fitness. The relative improvement between the lacrosse,
track, andbaseball groups (Table 3) which is what one should expect,
strengthens the
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crosse group, the L -
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in the other (Fig.
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FIG. 4. The relation between change in fitness index and work
a change of one index for each member of the three squads.
point in fitness
index accompanies a change in work index of S points, since this
represents the average finding.
TABLE 3
WORK INDEX AVERAGES BOTH BEFORE AND AFTER SIX WEEKS' PARTICIPATION
IN EACH SPORT
Baseball Lacrosse Track
Average work index-( 1st test) 26.5 38.7 24.6
(2nd test) 41.8 79.5 51.0
Average improvement in work index 15.3 40.8 26.4
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Summary
1. A comparison of the average maximum heart rates, blood
lactate levels, fitness indices, and work indices obtained both at the
beginning of three athletic programs and after six weeks' participa-
tion has been made.
2. This method is suggested as a satisfactory one for the evalu-
ation of the conditioning value of various sports.
3. In a sport which requires almost continuous running
(lacrosse) the improvement in fitness index and work index was
greatest. Sports which require relatively little sustained exertion
are not effective in improving the condition of boys unless they are
at the outset quite unfit. A strenuous sport is capable of improving
condition even though the participant's initial condition is good.
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